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Chapter 1 overviews the necessity of the personal mobility robots and the challenges in their development in general. It also introduces 
the statement of contribution for this thesis. 
 
Chapter 2 introduces the background study of the personal mobility robots. The previous and the existing works of various personal 
mobility robots were presented and discussed regarding their design, problems and also the concern of safety in term of tip-over stability. 
Several types of omnidirectional mechanism in mobile robotics including the specialized wheel and the standard wheel with rubber tire 
were also presented. The idea of implementing the holonomic omnidirectional mechanism with standard wheel in personal mobile robot 
is discussed in detail. Other concerns in the personal mobility robot including the safety aspect regarding the tip-over stability are also 
explained. 
 
Chapter 3 introduces the model of the personal mobility robot. The kinematical model of active dual-wheel caster and the omnidirectional 
mobile robot with active dual-wheel caster assemblies are explained. The motion control based on the kinematic model under the 
resolved velocity control is also presented. These kinematic equations and the resolved velocity control are the preliminary basis for our 
study. In this chapter, the personal mobility robot is modeled in two designs: (1) four-wheeled architecture and (2) six-wheeled 
architecture. The derivation of dynamical models for both architectures is explained to estimate the wheel reaction forces. 
 
Chapter 4 describes the tip-over prediction method for the holonomic omnidirectional mobile robot with active dual-wheel caster 
assemblies. Several methods to measure the tip-over stability are provided and discussed in detail. In consideration with the existence of 
dynamical effects, the force-moment stability measure and the force-angle stability measure were applied to the four-wheeled 
architecture and the six-wheeled architecture respectively. The model to estimate the value of the net-force is also presented by using the 
dynamical model as explained in the previous chapter. At the end of this chapter, the concept of tip-over prediction including the 
prediction of the tip-over axis and the estimation of the tipping direction is explained in detail. The performance of these prediction 
methods is evaluated with other techniques. 
 
Chapter 5 explains the tip-over prevention method and the tip-over stability enhancement method for the holonomic omnidirectional 
mobile robot with active dual-wheel caster assemblies. Two possible approaches for tip-over stability enhancement are discussed: (1) 
alteration of pre-planned velocity and acceleration input and (2) gyroscopic torque device using single-gimbal control moment gyros. The 
evaluation of both approaches is also presented at the end of this chapter. 
 















に，転倒安定性の改善のため，単一ジンバル CMG（Control Moment Gyro）と加速度変更手法を提案し，
シミュレーションでその有効性を検証した。さらに，単一ジンバル手法は加速度変更手法より走行時間
の低減化ができることを確認した。 
このように本研究はアクティブ双輪キャスター機構を用いたホロノミック全方向移動パーソナルモ
ビリティロボットの転倒防止システムを提案し，特に動的な支持多角形を用いた移動ロボットの転倒予
測および転倒安定性の改善を示したものである。これらの成果はロボット工学，特にロボットの安定化
制御の発展に寄与するものである。 
本学位審査委員会は，学位論文の内容ならびに参考論文等を総合的に判断し，博士（工学）の学位に
値するものを判断する。 
  
